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Three areas of the ultraviolet spectrum produce erythema aud pigmeutation
in the human skin, as established by the original work of Hausser (K. W.), and
Vahie" 2, Hausser (I)', Henschke and Schultze4 and others. The three maxima
of efficiency coincide with the wavelengths 254, 297, and about 365 mg. The
corresponding responses are named "short", "middle", "long ultraviolet" ery-
thema and pigmentation in this paper. The three biological reactions vary sig-
nificantly as to sensitivity, latency, duration, color, relative erythema and pig-
mentation, gradation (increase of reaction with increasing intensity) etc. While
most of these factors are well established, the time elements of erythema and
pigmentation are riot yet well known. This lack is mostly due to the overlapping
of the two reactions and the difficulty of their separation. Bode and Witte' have
made a spectral study of the skin reaction to ultraviolet exposure for the purpose
of separating erythema and pigmentation. Their conclusions appear doubtful,
however, due to a mathematical oversimplification of a highly complex situation
(several types of pigment of different origin, different color, different time factors,
and different response to various wavelengths). The title of their paper is mis-
leading, since the exposure was made with an ultraviolet generator, neither
specified nor spectrally analyzed. The method appears to the author as too com-
plicated and not suited for mass application.
This study deals only with the time factors of the skin reactions, disregarding
all other items.
METHOD
The following ultraviolet generators were used:
1) A low pressure, high voltage mercury arc "cold quartz" (Mcdiquartz, Dallon's Labora-
tories, Los Angeles), filtered through bromine-chlorine vapor: 254 m almost pure;
300,000 erg/cm2 mm.
2) A water-cooled mercury arc, "Kromayer", copper sulphate filter; 280 mp into visible
light, middle ultraviolet predominating; 800,000 erg/cm2 sec.
3) A medium pressure, high voltage mercury nrc (General Electric AH6), filtered through
Corning 5874 and water-cooled; long ultraviolet from 334 mp to visible border; 15.106
erg/cm2 sec.
The spectral ranges were determined by quantitative evaluation of serial spectrograms. The
ultraviolet output was measured through an electronic photometer (Photovolt 514M,
phototube B).
The main work was done on 30 students, 19 to 23 years old, white, one female. Three
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series of seven exposures each, ranging from 1 second to 5 minutes, were made on the flexor
sides of the arms. The skin area had not recently been exposed to the sun or artificial lamps.
The exposed areas were circular with diameters of 1 cm. The horderlines between exposed
and unexposed skin were very sharp. Observations were made immediately, after hours,
days, weeks, months and up to 2 years. The experiments were not repeated for controls.
Two measuring devices were used for the color change of the skin:
1) A photoelectric reflection meter (Photovolt, Schaar and Company, Chicago). It was
adjusted to "100%" reflection by using a magnesium oxide block. It was set to zero
reflection by means of a blackened hollow sphere, representing a perfect "black body".
Between these two endpoints the recordings of the instrument were linear.
2) An "erythemameter", designed for the observation of the skin in the exposed region
through a varying number of tan-colored celluloid disks. The number of disks to make
the border of the exposed area disappear served as a measure of the relative coloring
and darkening of the skin. The recordings of this instrument were approximately
logarithmic to the intensity. Alius and Schall6 have used a similar method for the quan-
titative study of skin reactions. But the method was only used for Roentgen rays and for
ultraviolet of undetermined and unanalysed wavelengths.
In this study two methods were used for the separation of erythema and pigmentation:
1) The total discoloration (erythema + pigmentation) was observed without pressure upon
the skin. The pigmentation alone was observed by exerting enough pressure through
an interposed lucite disk so that the skin was bleached and the erythema disappeared.
The difference between the two observations was a good estimate, but no quantitative
representation of the erythemic intensity.
2) Observations upon 6 ambulatory patients, 2 whites, 4 colored, between 7 and 40 years,
with leukoderma permitted the study of the erythemic response undisturbed by an over-
lapping pigmentation. The exposures were made on unpigmented areas of the arms and
wrist, not recently exposed to ultraviolet or experimented upon. The number and times
of exposures were less than those on the students. The patients were observed for a few
hours after the exposures and had to report back for days and weeks afterwards.
RESULTS
The following general observations were made:
(a) Latency, time of maximal response, duration of reaction varied considerably
with dosage (and individual factors).
(b) Edema, vesication, desquamation and blistering interfered strongly with the
normal course of reactions. Edema temporarily made the erythema appear
whitish pink or lilac; desquamation and blistering decreased the degree of
pigmentation even to the point of negative values (in comparison with the
unexposed skin).
(c) Itching, sensitivity (pain by touch) and pain (even without touch) occurred
with doses leading to edema, desquamation and blistering. As a rule the
sensory responses preceded the objective symptoms. The former usually
appeared 2 to 4 days, the latter 4 to 15 days after exposure.
The comparative figures were obtained \vith doses short of producing des-
quamation or blistering. The tendency toward desquamation (dry, fine scales)
was predominant with the short ultraviolet erythema. Blistering occurred more
with the middle ultraviolet erythema. With long ultraviolet radiation in most
eases desquamation and blistering could not be produced. Here the strongest
exposures were used for the recording. In its higher range long ultraviolet
dosage had little influence upon the time elements.
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Figure 1 gives the time-intensity curves for the three erythema reactions.
The maxima of the three responses are arbitrarily set as 100. The curves are
obtained from averages; but in cases of great variability the extremes instead
of the averages were recorded.
Figure 2 shows the corresponding curves for pigmentation.
The long ultraviolet responses occur without latency, as was pointed out by
Hausser3 and Henschke and Schultze4. The maxima are reached within an hour
or even after a few minutes. The duration of the responses varies considerably
with sensitivity (and dosage). The erythema may last for a few minutes or about
one day. The pigmentation may be faint and disappear within an hour or it
may be strong and persist for more than a year.
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All the other responses exhibit a definite latent period. The short and middle
ultraviolet erythemata appear after two to three hours, but never before that
time. The maximum is reached in about half a day for the short ultraviolet
erythema, and in one to two days for the middle ultraviolet erythema. As a rule
the reactions subside in a few days, but they may last for one or two weeks,
gradually fading out. The first signs of pigmentation after short and middle
ultraviolet exposures appear after about one day, i.e., close to the height of the
erythemic reaction. The maximum is broad and the duration varies from weeks
to months. Erythema and pigmentation, as a rule, last longer for the middle
than short ultraviolet exposure.
Occasionally, erythema and pigmentation follow an irregular course of
fluctuating intensity. Several times a secondary maximum of erythema was
noticed between ten and fourteen days. Once a preliminary immediate erythema
was noticed after middle ultraviolet exposure. (It was not due to increased skin
temperature.)
In several cases the exposure pattern on the skin became negative after a
sunbath due to the protection of the exposed spots through pigmentation. Even
a second reversal after later sunbathing was observed.
A statistic treatment of the material observed was not attempted. The con-
struction of statistical distribution curves for the time factors of erythema and
pigmentation appeared useless and misleading due to the great individual
variations.
SUMMARY
The time factors of the separated erythema and pigmentation of the human
skin have been investigated and recorded.
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